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The presence of inhibitor(s) in Narcissus tazetta
L. had been demonstrated in the slimy secretion exuded from
the cut on the fleshy scales. This inhibitor(s) was ethyl
acetate-soluble and 700. ethanol-soluble By paper
chromatography with either butanol: acetic acid: water
(41:1.5v/v/v) or propanol:- Nfi4OH- (7:3v/v) as the
developing solvent, this inhibitor(s) was located in the
region of Rf 0.6-0.7 in both cases. This inhibitor (s) was
not ABA, coumarin or colchicine.
Sixty percent inhibition on rice seed germination
was observed at-1 mg/m1 slimy secretion as compared with
water 'control.. This inhibitory effect on rice seed
germination. could not. be reversed by GA (from 10- 7 to
10-4M), Kinetin( 10- 7 M or .10 5 M), or IAA (from 10-7 to
4
10 M). Seventy-seven percent inhibition on the elongatin
of rice coleoptile was observed at 1 mg/ml slimy
secretion. This inhibition could be partially overcome by
GA (from 10-r° to 10-3 M). Thirty-four percent and over
50% inhibition on elongation of rice radicle were observed
at .0.01 mg/ml and 0.1-mg/mil slimy secretion respectively.
GA( from 10- 10 to 10- 4 M) and IAA (from 10- 10 to .10- 4 M)
could only partially reverse the inhibitory effect caused
by slimy secretion at concentrations of less than 0.1 mg/ml
More than .30% inhibition and a complete inhibition on
coleoptile elongation were observed at 204 hours in rice
3seeds after 120 hours pre-incubation in 0.3 and 3 mg/ml
slimy secretion respectively.
Thirteen percent and 25% inhibition of Brassica
hypocotyl and radicle elongation were observed at 0.1
mg/ml slimy secretion respectively. More than 22% and
26% inhibition on the elongation of mungbean hypocotyl
segment were observed at 0.1 mg/ml and 1. mg/ml slimy
secretion IAA -(5x10 6 M) completely reversed the
inhibition caused by slimy secretion at concentration less
than 1 mg/ml.
There was 22.1% reduction in 02 uptake in mungbean
hypocotyl segments incubated in 10-3 mg/ml slimy
secretion. A delay in the loss of chlorophyll on rice
leaf segment was observed in treatment with 5 mg/ml slimy
secretion. A rapid increase in inhibition on the growth
of Lemna was observed at 0.5 mg/ml slimy secretion
However, Kinetin (1010M or 107 M) could not overcome this
inhibitory effect.'
1INTRODUCTION
Narcissus'tazetta L., a member of Amaryllidaceae,
is a perennial herb with an ovate bulb and is cultivated
for ornamental purposes. It is a very popular seasonal
flower grown in Hong Kong as well as in China. Most of
Narcissus tazetta L. grown in Hong Kong are imported
from Fujian Province, China. The inflorescence of
Narcissus is.an umbel usually with four to eight flowers
Ho, 1981).
In the growing season of Narcissus.,• flower
growers usually first remove the old scales and roots and
then introduce-several slits on the bulbs before placing
these bulbs in. water. Some sticky fluid will come out
between the freshy scales and from the cuts of the slits.
It appears that by removing the old dry scales and roots,
the introduction of cuts on the freshy scales, and
removal of the slimy secretion from the cuts by washing
will accelerate the sprouting and flowering of Narcissus.
This leads us to suspect the presence of inhibitor in the
slimy secretion.
This investigation reports (1) the isolation and
partial characterization of a growth inhibitor, Narcin
from. Narcissus bulb, (2) this inhibitor which does not
only influence the growth process of Narcissus bulbs,
but also influences other physiological processes in
other plants, including elongation of mungbean hypocotyl
2segments, elongation in the hypocotyls and radicles of
Brassica parachinensis, elongation in the coleoptiles
and radicles of rice seedling, chlorophyll degeneration
in rice leave segments, growth and chlorophyll
degeneration in Lemna minor and the respiration of
mungbean hypocotyl segments and (3) the interaction of
this inhibitor with some growth hormones, such as auxin,
gibberellin, cytoknin and abscisic acid.
3LITERATURE REVIEW
Plants regulate their growth and development by
chemicals they synthesized. Depending on the
concentrations of these chemicals the plant required and
the nature of the physiological response these
chemicals are called hormones or inhibitors. Compounds
which inhibit growth processes in plant is called growth
inhibitor( Kefeli, 1978). The growth and development of
a plant is regulated by the interaction between plant
hormones and growth inhibitors. Thus the proportions of
various plant hormones and inhibitors present may vastly
affect the growth or subsequent differentiation patterns
of the whole plant. The presence of both plant hormone
and inhibitor permits a precise control of many
developmental activities( Galston and Davies, 1969).
Plant growth inhibitors are widely distributed
throughout the plant kingdom. They are present in various
parts of the plant, e.g. leaves, stems and roots
regardless of whether-these parts are in active growth or
in dormant state( Kefeli, 1978). In general, growth
inhibitors, on one hand, regulate the normal course of
the growth process including stem growth, seed
germination and root formation, and, on the other hand,
they act in a plant as domancy factors which depress bud
4opening and seed germination when it is disadventageous
for the plant to grow( Kefeli, 1978).
Plants produce many different types of chemical
which have inhibitory effect on growth. They include
abscisic acid, numerous phenolic compounds and phenolic
derivatives such as coumarins and alkaloids, and
miscellaneous compounds.
ABA was-first isolated from young cotton fruits
(Gossypium hirsutum) and shown. to influence a number of
physiological processes including domancy, abscission,
flowering, senescence and seed germination( Wareing and
Saunders, 1971). Possibly, the inhibitory effect of ABA
on growth stimulates the synthesis of proteases and
other hydrolytic enzymes which are essential to the
metabolism of the plant( Alpi et al., 1976 Doss et al.,
1983 Galston and Davies, 1969).
Coumarins are lactones of o-hydroxycinnamic acid.
They occur in all parts of plants and are widely
distributed in the plant kingdom (Rice, 1974). Coumarin
is very effective in inhibiting the growth of wheat
seedlings (Schreiner and Reed, 1908) and is a very potent
inhibitor of seed germination (Evenari, 1949)
In 1908, Scheriner and Reed reported that phenolic
5compounds such as vanillic acid and hydroquinone, which
are commonly produced by plants, inhibit the growth of
seedlings Borner (1959) found that two inhibitors,
phlorogluc.inol and.p-hydroxybenzoic acid, are produced
during the breakdown of the glucoside phlorizin which
have been liberated to the soil by apple roots.
Some alkaloids and related compounds are important
seed germination inhibitors. These include physostigmin-,
caffein, quinine and x-picolinic acid (Evenari,
1949).
Several new growth inhibitors have been isolated
from different plants in recent years. In 1984, Ireland
and Passam isolated a new class of phenolic plant growth
inhibitor name batatasin from dormant bulbils of the
yam Dioscorea opposita It.accumulated rapidly in
developing tubers just-before the onset of dormancy and
were assymetrically distributed, being concentrated in
the proximal region and in the peripheral zone just
beneath the pe-riderm.
In 1984 and 1985, Izumi et al. found that a new
growth retardant (E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(1,2,4-triazol-1-yl)-l-penten-3-o1 (s-3307) inhibited
the biosynthesis of gibberellin in rice plant. it
retarded plant height by inhibiting stem elongation. The
6retardation of growth was overcome by a gibberellin
application.
Different kinds of plant growth inhibitors affect
various parts'of plant with different responses. The
inhibitory effect of plant inhibitors on seed
germination, hypocotyl elongation, coleoptile elongation,
root elongation, chlorphyll degeneration, Lemna growth
and respiration will be discussed in detail in the
following sectons:
Effect of plant growth inhibitors on seed germination
Growth inhibitors present in seeds will cause the
failure of mature seeds to germinate even when
temperature,- oxygen, and moisture are optimum The
breaking of domancy and induction of germination are
believed to be affected by an interplay between
endogenous promoters and inhibitors (Tillberg, 1984).
Substances like coumarin, feru.lic acid and
parascorbic acid, which act as seed germination
inhibitors, are common in the pulp of fruits, seed coats,
embryos and endosperms Lee and Skoog (1965)
demonstrated that p-coumarin strongly accelerates IAA
inactivation. In 1966 Tomaszewski and Thimann suggested
that ferulic acid and sinapic acid act like polyphenol
7and stimulate the decarboxylation of IAA under conditions
where they depress seed germination. In 1968, Stenlid
reported that some related flavonoid glycosides, as well
as 21,4,4-trihydroxychalcone, are strong stimulators of
IAA -oxidase. This could certainly help to explain the
potent inhibitory effects of many flavonoids.
In 1982, Naqvi and Hanson, demonstrated that the
aqueous extracts of guayule chaff and the seed coat
showed. a significant inhibition of germination and
radicle growth of guayule, lettuce, and tomato seeds.
Seven phenolic acids, p-hydroxybenzoic, protocatechuic,
p-coumaric, feru-lic, benzoic, vanillic and cinnamic acids
were identified- from. guayule chaff extract. All of them
are well known germination. and growth inhibitors.
In 1967, Aspinall et al. found that abscisin II
strongly inhibited the germination of lettuce seeds. The
effect of low concentrations of abscisin II were
completely overcome by high concentration of promotive
hormones, such as GA and cytokinin. But high abscisin
level completely supressed the response to all GA and
kinetin concentration.
8Effect of plant growth inhibitors on hypocotyl
coleoptile and root elongation
Most of the increase in the length of hypocotyls,
roots and coleoptiles were caused by cell elongation
rather than cell division.
The primary cell walls of hypocotyls, coleoptiles
and roots are relative soft, flexible and extensible.
These tissues can elongate as cells grow in size during
maturaton of plant tissue. The architecture bf the
primary cell wall is determinded by its cellulose
microfibrils which forms the frame work and
interpenetrated by the matrix substance( Esau,1976).
During elongation, the microfibril network is first
loosened and then stretched. Throughout the peroid of
elongation, new cellulose fibrils are laid down outside
the plasma membrane, gradually thickened the wall as it
extends.
During the elongation, addition of divalent ions,
such as Ca++, will displace the H+ of the carboxyl group
of the matrix substance and then a bridge. will be formed
between this two carboxylate group. The formation of
this bridge results in the mechanical stiffening of the
cell wall. This prevent the cellulose fibre from sliding
over each other during cell elongation. On the other
9hand, if H4' was added, Ca+t will be displaced by H+. The
bridge between the two carboxylate groups would be
broken. This procedure will make the cell wall loosen
and stretch irreversible (Cleland, 1977 Goldberg. and
Part ,1981 Part, 1978 Rayle and. Cleland, 1977
Vanderhoof et al. ,1976). Similiarly, adding the growth
hormone auxins will activate membrane H*t-ATPase system,
which actively pump Htions to the cell wall. Due to the
pumping out of Ht, the bridge between the matrix
substance will be broken and thus allowed cell wall to
loosen (Bouchet et al. ,1983 Cleland and Rayle,1977
Rayle and Cleland,1980 Roger et al,1984). In the
presence of inhibitors such as cycloheximide and
actinomycin D, auxin fails to induce cell elongation.
Furthermore,. cytokinin (kinetin, zeatin and
benzyladenine) are as potent as actinomycin D or
cycloheximide in inhibiting auxin-stimulated elongation
in root and hypocotyl sections( Stenlid,1982
Vanderhoef and Stahl,1975). Cytokinins usually increase
radial enlargement of the cells. They change -the
orientation of newly synthesized cellulose microfibrils
in the walls to a direction nearly parallel with the
cell's long'axis (Apelbaum and Burg ,1971). This. would
inhibit longitudinal growth but allow radial expansion.
In gibberellin treated cells, hydrolases that
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attack cell wall polysaccharides are synthesized faster
or become more active. This procedure will loosen the
cell wall and lead to cell elongation (Katsumi et
al.,1965 Salisbury and Ross,1978). Certain growth
inhibitors inhibit GA biosynthesis. These include ABA,
Phosphon D, Amo-1618 and CCC( Galston and Davies,1969
Harada and Lang,1965 Kende,1963*Moore,1967 Ninnemann
et al,1964 Zeevaart,1966).
Regulation of senescence in leaves by plant growth
inhibitor
The senescence of leaves takes place normally
during the growth and development of the whole plant. The
senescence of leaves- is seen first by the fading of
chlorophyll and later by a more general loss of leaf
constituent. Browning eventually take place and the leaf
wilts and somewhat shrinks. Senescence of leaves as a
whole is a complex process( Thimann et al., .1977). It
may be a function of hormonal status and thus any
manipulations which vary the hormone content of leave
tissue may effectively alter the rate of senescence. Some
growth hormone and inhibitors have different response on
the senescence of leaves.
Among the compounds which retard senescence are
the kinetins and related compounds In some plants, GA,
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or even a, high concentration of auxin can have a
comparable effect on retardation of senescence.
Gibberellins have been reported to delay the senescence
of leaf disk of Taraxacum officinale( Fletcher and
Osborne, 1965 1966) and Trapaeolum majus( Beevers,
1966).
The presence of Cytokinin in leaves are important
for chloroplast development during normal leave growth.
Addition of cytokinin promotes the formation of stroma
lamellae in dark and the formation of grana and
chlorophyll in light.(Harney et al.,1974 Stetler and
Laetsch,1965 ).These facts suggest that cytokinins in
attached leaves are important for chloroplast development
and retard senescence during normal leaf growth.
The function of many of the growth inhibitor are
by impairing the activity or the production of various
hormones. Growth retardant (2-chloroethyl)trimethyl-
ammonium chloride (CCC) and N-dimethylamino succinamic
acid (B995) accelerated senescence( Beevers and
Guernsey,1967). This inhibitory effect of B995 can be
,overcome by applibcation of GA( Bukovac,1964).
.In 1967, El-Antably et al. demonstrated that in
isolated leaf disc, ABA has accelerated the loss of
chlorophyll in many species. In 1981, Gepstein and
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Thimann found that not' only applied ABA greatly
accelerates senescence but also that there is large
increase of ABA 'in leave at the time when senescence is
most rapid. When senescence is greatly delayed by
externally applied kinetin, the amount of ABA in the
leaves becomes barely detectable. In 1971, Back and
Richmond found that high concentrations of cytokinins
nullified the senescence effect enhanced ..by low
concentration of ABA. Gibberellin could not reverse the
effect 'of ABA in the species of Taraxacum magallorrbizon,
Rumex pulcher and Tropaeolum majus.
Coumarin accelerated the 'Loss of chlorophyll and
protein in plant leaf tissue kept in the light. This
effect was correlated with the complete suppession -of
leucine incorportation into protein in Brassica spp. and
Hordeum spp. Inhibition of protease synthesis may well
account for the*inhibition*of chlorophyll loss in this
fact (Knypl and Kulaeva, 1970).
Effect of plant growth inhibitor on the growth and
metabolism in Lemna
Lemna minor is a small aquatic angiosperm. and
widely distributed in nature Plant hormones and
inhibitors, especially cytokinin and ABA, affect its
growth and its contents of chlorophyll, protein and
13
nucleic acid.
ABA greatly reduces the growth of Lemna minor at
low concentration( Newton,1974 van Overbeek et al.,
1968) The fronds become dark green, their area is
reduced, and starch accumulates( Albanell et al., 1985
Newton,1977). On the other hand, cytokinin, promotes
cell division( Skoog and Armstrong,1970). BA,- even at
low concentration,. stimulates the growth of Lemna minor
and causes an increase in frond area, thus leading to an
increase in dry matter( Jongand Veldstra,197-1). In
1985,:Albanell et al. found that the frond multiplication
rate was reduced by 10-6 M ABA but increased by 10-6 M
BA.
The growth.and development of Lemna spp. can be
influenced by an interplay of hormonal factors
(Addicott,1972). When both ABA and BA were added
simultaneously to the culture medium, the growth
-4
inhibition expected from ABA (10 M) was reduced
considerably by the presence of BA (10-6 M). Also the
chlorophyll content per flask was reduced by BA (10 --6 M)
(Albanell, 1985).
Effect of plant growth regulator on respiration
Muller et al (1969) found that two volatile
14
terpenes, cineole and dipentene emanated from leaves of
Salvia lencophylla, markedly reduce oxygen uptake in
mitochondria suspensions of Avena fatua. This
inhibition appeared to be either due to the inhibition of
the conversion of succinate to fumarate or fumarate tc
malate.
Hulme and Jones (1963)..tested a large number of
simple phenols, derivatives of benzoic acid and cinnamic
acid against oxidation of succinate by succinoxidase in
suspensions* of mitochondria isolated from apple peel.
Most of the compounds tested were found to inhibit
succinoxidase to some degree and many of them were very
inhibitory( Rice,1974).
Koeppe. (1972) found that juglone( 5-
hydroxynaphthoquinone), a growth inhibitor found in
walnut, at 500,uM, inhibited oxygen uptake in excised
corn. roots by more than 90% after one hour treatment.
Less inhibition occured with 50 )IM and 250 'UM
concentration of juglone. This inhibition correlated
.well with the uncoupling of ATP production.
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MATERIALS AND METHODS
Bulbs of Narcissus tazetta L. were imported
directly from Fujian province, China or purchased through
the local distributor.
Isolation of inhibitor
1) Secretion from the fleshy scales of Narcissus. bulbs
Bulbs of Narcissus were cut horizontally into
approximately two equal parts and placed in- a plastic
basin. Water was then poured into the plastic basin to
allow part of the cut bulbs to contact with water. A
slimy substance was secreted from the wound of the bulbs
as well as between the fleshy scales within a few hours
and last for-at least three days. The slimy secretion
was collected at least thrice daily. The slimy
secretion was pooled and dried in-vacuo at -400 C. The
lyophilized slimy secretion was stored in desiccator for
use in physiological studies.
2) From dry scales
Dry scales of Narcissus bulbs were first extracted
with 80% ethanol and then with water. The ethanol extract
and water extract were further separated by paper
chromatography and test for the presence of inhibitor.
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3) Partial purification of lyophilized slimy secretion
The lyophilized slimy secretion was homogenized in
cyclohexane in a blender and immersed in the same solvent
overnight. The filtered solid residue was extracted- with
iso-butanol, ethyl acetate,70% ethanol and then finally
water. Each fraction was assayed for the presence of
inhibitor by Brassica seed germination test.
B. Paper partition chromatography and bioassay
Test solution was separated by paper
chromatography using either n-butanol: acetic acid: water
(4:1:1.5 v/v/v) or propanol:NH4 OH (7:3,v/v) as
developing solvent. The chromatogram was divided into 10
equal zones and were assayed by. Brassica seed
germination and hypocotyl elongation test. The failure of
germination of Brassica seeds in the bioassay in an
indication for the presence,of the inhibitor.
C,B. ssic-a hypocotyl elongation test
Seeds of Brassica parachinensis were first surface
sterilized with approximately 3% clorox for half a minute
and then washed thoroughly with aseptic distilled water..
This process was repeated three times.
About 40 to 60 surface sterilized seeds were placed
on one filter paper (Whatman 1) in a 5 cm Petri. dish with
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1.2-ml test solution per dish and placed at 2212°C in the
dark. The length of hypocotyl was measured to the nearest
millimeter after four days. Each treatment was
duplicated.
The physiological effect of slimy secretion on rice seed
germination
Fifty sterilized rice seeds (Oryza sativa) were
placed 'in a 5 cm Petri dish with 8 ml test solution per
dish. Experiment was carried out at 22t2°C in-the dark.
A rice seed was recorded as germinated when 2 mm radicle
was visible. Each treatment was at.least in duplicate.
Brassica Parachin-eia-9-3-s hypocotyl and radicle elongation
test
Fifty Brassica parachinensis seeds were surface
sterilized and then placed in a 5 cm Petri dish with
5 ml test solution. Seeds were placed at 2212#C in the
dark and. were recorded after 4 days. At the end of the
experiment period, ten seedlings per petri dish were
chosen randomly and the length of hypocotyls and radicles
were measured. Each experiment was repeated twice.
Mungbean hypocotyl elongation test
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Mungbeans, Phaseolus mungo L., used in this study
were imported from mainland China and purchased.from the
local supermarket. After suface sterilization, seeds were
planted in strips of wet paper towel (Yip,1983). Seeds
were then placed at 22-L-20C in the dark. Three-day-old
seedlings were used for the experiments. The
hypocotyl of mungbeans were about 15 to 20 mm in-length.
The experiment was carried out in a room with only
green light illumination Five mm segments of the
hypocotyl were cut starting from 3 mm below the hook..
Eight segments were incubated in 0.2M phosphate
buffered (pH 6.2) test solution containing. sucrose
(2%,). These segments were incubated at 22±2 °C in the
dark. The elongation of individual segments were measured
and, recorded after 48 hours. (Machlis and Torrey,1956
Salisbury and Boss,1978)
Elongation of rice seed coleoptiles and radicles
Fifty surface sterlized rice seeds were placed in a
5 cm petri dish with 8 ml-of test solution per dish.
Seeds were grown at 221-2'C in the dark. At the end of the
experiment, at. least ten coleoptiles and radicles per
petri dish were taken randomly and measured. Each
trearment were in duplicate.
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Loss of chlorophyll in rice leaf segments
1) Growth of rice seedlings
Rice seeds were surface sterilized and then placed
on a strainer which was hung on to a plastic basin
containing complete mineral nutrient solution( Machlis
and Torrey ,1956) with constant aeration. The rice seeds
were just covered by the nutrient solution. These seeds
were kept for fifteen days at, 26 2°C under 16 hours light
cycle at intensity of 2180 lux.
2) Incubation of rice leaf segments
At the end of fifteen days, 5 mm long leaf segments
were cut from the second leaves just 25mm below tips of
the leaves. These segments were floated in 10 ml of test
solution. containing 0.02% Tween 20 in 5 cm Petri dish
(Tetley and Thimann,19.74 Satler and Thimann,1983). The
chlorophyll content was estimated after 204 hours.
3)Chlorophyll extraction and determination
Chlorophyll was extracted from leaf segments with
1 ml methanol and chloroform (2:1,v/v)'as well as 19 ml
acetone and then add to 25 rnl with distilled water
(Arnon, 1949). Chlorophyll extract was filtered and
determined by Beckman Du7 spectrophotometer at 663 nm.
Concentration of chlorophyll was•expressed as absorbance
at 663 nm. Each treatment was at'least triplicate
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The growth and development of Lemna
Lemna Minor L. was surface sterilized with
approximately 3% clorox for 20 seconds and then washed
throughly with sterilized distilled water. This process
was repeated three times. Sterilized Lemna was
cultivated under sterilized condition in 2000 or 3000 ml
Evlenmeyer flasks containing' 1200 or 1500. ml of nutrient
solution with constant aeration. Plants grew under 16
hours light cycle of intensity 3800 lux at 262°C.
For all experiments, 25 Lemna plants at the. 2-frond
stage were selected from the stock cultures-and used.
The plants were first blotted dried with paper towel and
the fresh weight was measured and recorded. Plants
were then placed in a 5 cm petri dish containing 18 ml
test solution. This experiment was done under sterile
condition and these plants grew under 16 hours light
cycle at 261.2 °C.
For determination of growth rate, number of fronds
were counted and fresh weight was measured after 12
days. (Mclaren and Smith, 1976). All treatments were in
triplicate.,
Respiration of mungmean hy.pocotyl sections
12 hypocotyl segments of mungbean were cut
according to the method described in mungbean hypocotyl
elongation test section.
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Oxygen consumption was determinded in a Gilson
respirometer. Twelve hypocotyl segments were placed in
the. reaction flasks containing 7 ml of 0.2M phosphate
buffur (pH6.2) solution with or without slimy secretion
( from 10- 3 to 7 mg/ml). Reaction was carried out at 22±2'C
Oxygen consumption were measured every ten minutes





Fig. 1 (A,B,C and D) shows the sprouting of
Narcissus bulbs under different conditions, Fig.1 A and C
show the sprouting of bulbs without the removal of old
scales and roots, after 13 and 16 days of absorption of
water respectively. Acceleration in sprouting and
flowering have been observed in those bulbs that their
old scales and roots have been removed, the fleshly
scales have been sliced and the slimy secretion from the
cuts have been washed away daily (Fig. 1 B and D). The
difference in growth suggests that there is inhibitor(s)
present in the slimy secretion.
B. Extraction
1) Effect of.extracts from slimy secretion of Na rc u,5
bulbs on seed germination of Brassica and hypocotyl
elongation
Slimy secretion from. the cuts of'Narcissus bulbs
were collected several times daily, pooled and dried in
vacuo at --40 -C. The lyophilized slimy secretion, dissolved
in water at 2.4 mg/ml, showed an inhibitory effect on the
germination of !rassica. The lyophilized slimy secretion
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Fig. 1 Sprouting of Narcissus bulbs under different
conditions. Bulbs without the removal of old scales and
roots after 13 days (A) and after 16 days (C). The fleshly
scales have been sliced and the slimy secretion from the
cuts have been washed away daily in addition to the
removal of the old scales and roots after 13 days (B) and








were further purified and extracted by different
solvents, cyclohexane, butanol, ethyl acetate, ethanol
and water. Each fraction was dried under reduced
pressure at about 60°C in a rotary evaporator. The dried
substance was redissolved in water and tested for the
effect on the germination of Brassica. In Fig. 2, the
ethyl acetate and ethanol fractions showed the greatest
inhibitory effect on the germination of Brassica. There
were 60% and 88.7% of inhibition on the hypocotyl
elongation of Brassica seedlings in the ethyl acetate and
ethanol fractions respectively (Table 1). It is evident
that an inhibitory substance(s) is present in these two
fractions. This inhibitory substance(s) is tentatively
called Narcin.
2) Effect of water and ethanol extracts from dry scales
of Narcissus bulbs on the germination and hypocotyl
elongation of Brassica parachinises
The dry scales of Narcissus bulbs were extracted
either with water or ethanol. Both extracts show
inhibitory effect on the elongation of Brassica
parachinensis hypocotyl (Fig. 3). The extracts were
further purified by paper chromatography using
butanol:acetic acid:water (4:1:1.5, v/v/v) as developing
solvent. It appears that the substance which caused
inhibition of the germination and hypocotyl elongation of
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Fig. 2 Effect of extracts from slimy secretion of Narcissus
bulbs on seed germination of Brassica.
"X": the concentration of extract equivalent to 2.4 mg/ml
lyophilized slimy secretion.
"ch" : cyclohexane extract
"BuOH" : butanol extract
"ee" : ethyl acetate extract
"EtOH" : ethanol extract
"H2O" : water extract
"no ex nar" : crude lyophilized slimy secretion (2.4 mg/ml)
"CO(H2O)" : water control
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Table 1. Effect of different extracts from slimy secretion
from Narcissus bulbs on Brassica hypocotyl elongation.
Hypocotyl length was measured 4 days after' incubation in
darkness. Ten hypocotyls were used in each treatment.
extracted length of length of hypocotyl
solvent % controlhy2ocotyl (mm)
cyclohexane 25.6 96.3
1-butanol 22.2 83.5
ethyl acetate 10.6 39.9
11.370% ethanol (1st). 3.0
101.570% ethanol (2nd.) 27*. 0




Brassica were mainly located-at Rf 0.6 region which is
similar to the slimy secretion It appears that the
inhibitor(s) in slimy secretion and the dry scales is
probably the same.
C. Slimy secretion was seperated by paper partition
chromatography
The lyophilized slimy secretion, dissolved in
water, were separated by paper chromatography with either
butanol: acetic acid :water (4:1:1.5,v/v/v) or propanol:
NH4OH (7:3,v/v).
In the butanol:acetic acid:water system, there was
95%' inhibition of germination and growth of Brassica
seeds in the Rf 0.6-0.7 as compared with the control
.(Fig. 4A and B). Approximately 24% and 30% inhibition on
elongation of Brassica hypocotyl were also observed in Rf
0.5 and 1.0 respectively.
As shown in Fig. 5, in propanol and NH4OH system,
inhibitory effects on elongation of
Brassica were also observed in Rf 0.6-0.7 and 23%
In*. the chromatogram, ABA,
inhibition in Rf 1.0.
coumarin, and- colchicine located at Rf 0.9-1.0 in
propanol and NH4OH systems. From these results it is
possible to conclude that the major inhibitor in
Narcissus bulbs is neither ABA, coumarin nor colchicine
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Fig. 3 Effect of water extracts (A) and ethanol extracts
(B) from dry scales of Narcissus bulbs after separtion by
paper chromatography on the hypocotyl elongation
ofBrassica parachinensis. 5 mg extract( either water or
ethanol extract) was spotted on the paper.
Paper chromatogram was developed with butanol: acetic
acid: water (4:1:1.5,vv). The chromatogram was divided
into 10 zones and was assayed by Brassica hypocotyl
elongation test. Brassica seedlings were grown in the dark
for four days. The experiment was in duplicate. Vertical
bar indicated S.E. (standard error)
Fig. 4 Effect of slimy secretion after separation by paper
chromatography on Drassica seed germination (A) and
hypocotyl elongation (B). Two mg slimy secretion was
spotted on the paper. Developing solvent used: butanol:
acetic acid: water (4:1:1.5? vvv). The experiment was
in duplicate. Brassica seeds were allowed to germinate
at 22dt2 °C in the dark. Hypocotyl length of the seedlings
was measured after four days. Broken line indicated the
hypocotyl length of control. The vertical bars indicated











Fig. 5 Effect of slimy secretion (A), ABA (B), coumarin
(C) and colchicine (D) after separation by paper
chromatography on Brassica hypocotyl elongation. Either
2 mg slimy secretion, 0.5 mg ABA, 0.5 mg coumarin or 0.5
mg colchicine was spotted on the paper. Developing
solvent used: propanol: NII4OII (7:3; vv). The experiment
was in duplicate. Brassica seeds were allowed to
germinate at 22t2 C in the dark. Hypocotyl length of the
seedlings was measured after four days. Broken line
indicated the hypocotyl length of control. The vertical
















































D. Effect of heat treatment on slimy secretion on the
germination and hypocotyl elongation of rassica
parsachi nensi s
Lyophilized slimy secretion of Narcissus was
placed into Amscc autoclave and the temperature was
brought to 121°C at 1.2 kg/cm2 for 30 minutes The
slimy secretion was then separated by paper
chromatography using butanol acetic acid: water
(41:1.5 v/v/v) as developing solvents. The paper
chromatogram was then cut into 10 section and the
inhibitory effect was again found in the Rf 0.6 region
suggesting that the Narcin is heat stable (Fig. 6,7)
E. Dosage effect of slimy secretion on Brassica
hypocotyl elongation.
Lyophilized slimy secretions were redissolved in
water at various concentration Their effects on
Brassica were studied. As shown in. Fig. 8 slimy
secretion at concentration above 0.1 mg/ml inhibits the
elongation of the Brassica hypocotyl. There was no
inhibition at concentration below 0.001 mg/ml.
F. Effect of slimy secretion on rice
1) Effect of slimy secretion on rice seed germination
36
Fig. 6 Effect of heat treatment on slimy secretion after
separation by paper chromatography on I3rassica seed
germination Slimy secretion was heated to 121°C at 1.2
kg/cm2 for 30 minutes. 2 mg of slimy *secretion after
heat treament was spotted on the paper. Developing solvent
used: butanol: acetic acid: water.(4:1:1.5 v/v/v).
Brassica seeds were allowed to germinate-at 22±2 *c in the
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Fig. 7 Effect of heat treatment on slimy secretion after
separation by paper chromatography on Brassica hypocotyl
elongation. Slimy secretion was heated to 121°C at 1.2
kgcm 2 for 30 minutes. 2 mg of slimy secretion after
heat treament was spotted on the paper. Developing
solvent used: butanol: acetic acid: water (4:1:1.5;
/v/v). Brassica seeds were allowed to germinate at 22i
2 °C in the dark. Hypocotyl length of the seedlings were
measured after four days. Broken line indicated the
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pig.B Bffect of slimy secretion concentration on Brassica
hypocotyl elongation. seeds were soaked with silmy
secretion of given concentra ton in 5 in Petri dishes and
allowed to germinate in the dark for four days at 22
Experiment was in duplicace. Each point shows the
average of ten repolications. Wertial bar indicated S.E.
The effect of slimy secretion on the germination
of rice seed was studied. Fig.9 shows that slimy
secretion at concentration above 0.1 mgml inhibits the
germination of rice seed. Sixty percent inhibition of
rice seed germination was observed at 1 mgml slimy
secretion as compared with water control. Slimy
secretion at 5 mgml had complete inhibition in rice seed
germination.
Further studies were carried out to investigate
the interaction between the slimy secretion and GA,
Ki.netin and IAA.
Fig.10, 11, 12 shows that the inhibitory effect of
slimy secretion can not be reversed by GA (between 10
(between 10 to 10 M). Kinetin at 10 M shows an
inhibitory effect on the germination of rice seed.
2)Effect of slimy secretion on the elongation of rice
seed coleoptile and radicle
Slimy secretion at concentration s above
0.1 mgml inhibited the coleoptile growth of rice
seedlings( Fig. 13 A). No inhibition was observed at
concentrations lower than 0.1 mgml. There was more than
77% inhibition at 1 mgml slimy secretion. Complete
inhibition was observed at 5 mgml of the slimy secretion.
As shown in Fig. 14 A, the inhibition could be
Fig. 9 Time course studies'on the effect of different
concentrations of slimy secretion on the germination of
rice seeds. Rice seeds in various concentrations of slimy
secretion were allowed to germinate in the. dark. 50
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Fig. 10 The effect of interaction between the slimy
secretion and GA on the germination of rice seed. Rice
seeds in various concentrations of slimy secretion together
with GA solution were allowed to germinate in the dark. 50
seeds were used in each treatment and experiment was in
duplicate.
Germination
Slimy Secretion Concentration (mgml)
Fig. 11 The effect of interaction between the slimy
secretion and Kinetin on the germination of rice seed.
Rice seeds in various concentrations of slimy secretion
together with kinetin solution were allowed to germinate
in the dark. 50 seeds were used in each treatment and
experiment was in duplicate.
Slimy Secretion Concentration (mgml)
Fig. 12 The effect of interaction between the slimy
secretion and IAA on the germination of rice seed. Rice
seeds in various concentrations of slimy secretion together
with IAA solution were allowed to germinate in the dark. 50
seeds were used in each treatment and experiment was in
duplicate.
partially overcome by GA. Coleoptile elongation produced
by GA {from 10 ~10 to 10 M) was severely
inhibited by slimy secretion 1 an3 5 -tpgml.
There was' no inhibitory effect on coleopitle growth while
the concentration of slimy secretion was 0.1 mgml or
less.
As shown in 13 B, rice seed radicle was more
susceptible to the inhibition caused by slimy secretion
than coleoptile elongation in the same seedlings. Thirty
four percent inhibition was observed at 0.01 mgml. More
than 50% inhibition was induced by 0.1 mgml slimy
secretion. Complete inhibition was found in slimy
secretion treatment at concentration of 1 mgml. As
shown in Fig. 14 B, concentration of GA could reverse
the inhibitory effect on slimy- secretion at
concentrations lower than 0.1 mgml.
IAA stimulated rice coleoptile growth by 25% and
15% respectively at 10 and 10' M when compared with
water control (Fig. 15 A). The inhibition caused by
concentration of slimy secretion higher than 0.1 mgml
was not reversed by 10- and 10' M IAA.
As shown in Fig. 15 B, 10 7 and 10~5 M IAA
stimulated radicle growth by 31% and 24% respectively
There was only a slight stimulation in radicle growth by
IAA at 10 and 10 M. Slimy secretion at concentration
of 0.01 mgml slightly inhibited IAA-induced elongation.
However, at concentrations higher than 0.1 mgml, it
Slimy Secretion Concentration (mgml)
Fig. 13 Effect of slimy secretion -or. the elongation of
rice coleoptile (A) and radicle (B). Ten coleoptiles and
radicles were measured and recorded at 168 hours.
Experiment was in duplicate. Vertical bar indicated S.E.
Fig. 14 The effect of interaction between the slimy
secretion and GA on rice coleoptile (A)and radicle
elongation (B). Ten coleoptiles and radicles were
measured and recorded at 168 hours Experiment was in
duplicate. Vertical bar indicated S.E.
Slimy Secretion Concentration (mgml)
markedly inhibited IAA-induced elongation.
As shown in Fig. 16 A, Kinetin at 10 M
inhibited coleoptile elongation. Kinetin at 10~ and 10~
M had little or no effect on coleoptile elongation.
There was 90% inhibition in coleoptile elongation when
the concentration of slimy secretion was lmgml. It
seems there was no effect of Kinetin at concentration
less than 10 M on coleoptile elongation. Fig. 16 B
showed the effect of Kinetin on radicle elongation of
rice seedlings. Kinetin at 10 M and 10 M inhibited
rice radicle elongation. It seems Kinetin at 10r7 M had
little or no effect on radicle elongation. Slimy
secretion at 1 mgml or above totally inhibited radicle
elongation.
Fig. 17 A shows the effect of ABA and slimy secretion on
the elongation of rice coleoptile. There was 10-15%
inhibition in coleoptile elongation at 10 and 10 M of
ABA. At 10 m ABA, more than 50% inhibition on
coleoptile elongation was observed. As shown in Fig. 17
B, 10~3 and 10 M ABA inhibited radicle growth by 27%
and 73% respectively. Slimy secretion at 1 mgml or above
totally inhibited radicle elongation.
3)Effect of GA on coleoptile elongation of rice seedling
after different periods of pre-.incubation in slimy
secretion
Slimy Secretion Concentration (mgml)
Fig. 15 The effect of interaction between the slimy
secretion and IAA on rice coleoptile (A)and radicle
elongation (B). Ten coleoptiles and radicles were
measured and recorded at 168 hours. Experiment was in
duplicate. Vertical bar indicated S.E.
Slimy Secretion Concentration (mgml)
Fig. 16 The effect of interaction between the slimy
secretion and Kinetin on rice coleoptile (A)and radicle
elongation (D). Ten coleoptiles and radicles were
measured and recorded at 168 hours. Experiment was in
duplicate. Vertical bar indicated S.E.
Slimy Secretion Concentration (mgml)
Fig. 17 The effect of interaction between the slimy
secretion and ABA on rice coleoptile (A)and radicle
elongation (B). Ten coleoptiles and radicles were
measured and recorded at 168 hours. Experiment was in
duplicate. Vertical bar indicated S.E.
Rice seeds after pre-incubated in different
concentrations of slimy secretion (0, 0.3, 3 and 10
mgml) for different periods (0, 24, 48, 72, 96 and 120
hours) were transferred to different concentrations
of GA( 0, 10~10, 106 and 10~4 M)
The coleoptile elongations of rice seeds after pre-
incubated in 0.3 mgml slimy secretion for different
periods before transferred to different concentrations of
GA were shown in Fig. 18A, 18B, 18C and 18D. As shown in
Fig. 18 A, no inhibitory effect on coleoptile
elongation was found in seeds that were preincubated in
slimy secretion for up to 72 hours .before being transferred.
to water as compared with water control. Slimy secretion
at 0.3 mgml had inhibitory effect on coleoptile
elongation. There was 44% inhibition in coleoptile
elongation after 204 hours. More than 10% and 30%
inhibition on coleoptile elongation were observed at 204
hours in seeds after 96 and 120 hours pre-incubation in
slimy secretion respectively. Fig 18B showed the
coleoptile elongation of seeds after preincubated in
slimy secretion( 0.3 mgml) at different periods before
being transferred to 10 M GA. No inhibitory effect on
coleoptile elongation was observed in seeds pre-incubated
in slimy secretion for less than 96 hours. GA at 10~M
appears to have slight stimulatory effect on coleoptile
elongation. Seeds pre-incubated in slimy secretion for
120 hours showed 11% inhibition in coleoptile elongation
after 204 hours. Fig. 18C showed the coleoptile
elongation of seeds which were pre-incubated in slimy
secretion (0.3mgml) for 24, 48, 72, 96 and 120 hours and
then were transferred to 10 M GA. There was no
inhibitory effect on coleoptile elongation by slimy
secretion was observed in seeds after 24, 48 and 72 hour
pre-incubation. There was 20 and 30% reduction in
coleoptile elongation in seeds after 96 and 120 hours
pre-incubation in slimy secretion as compared with GA (10
M) treatment. The inhibitory effect caused by slimy
secretion was reversed by GA as compared with slimy
secretion treatment. Fig. 18D showed the coleoptile
elongation of seeds after preincubated in slimy secretion
(0.3mgml) at different periods before being transferred
to 10 M GA. No inhibitory effect on coleoptile
elongation was found in seeds that were pre-incubated in
slimy secretion up to 72 hours. GA at 10 M appears to
have 38% stimulation in coleoptile elongation after 204
hours as compared with water control. More than 8%
reduction in coleoptile elongation in seeds after 96 and
120 hours pre-incubation in slimy secretion as compared
with GA (10 M). More than 120% stimulation in
coleoptile elongation in seeds after 96 and 120 hour pre¬
incubation in slimy secretion before being transferred to
10 M GA as compared with slimy secretion (0.3 mgml).
The coleoptile elongations of rice seeds after pre-
incubated in 3 mgml slimy secretion for different
Fig. 18 Effect of GA on coleoptile elongation of rice
seedlings after different peroids of pre-incubation in
slimy secretion (0.3 mgml). Rice seeds after pre-
incubated in slimy secretion at different periods( 24,
48, 72, 96 and 120 hours) were transferred to water (A),
10~10 (-1 GA (B), 10~6M GA (C). and 10~4 M GA (D). Incubation
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periods before transferred to different concentrations of
GA were shown in Fig. 19A, 19B, 19C and 19D. As shown in
Fig. 19A, no inhibitory effect on coleoptile
elongation was found in seeds that were preincubated in
slimy secretion for 24 hours before being transferred to
water as compared with water control. Slimy secretion at
3 mgml had complete inhibition on coleoptile
elongation. 11%, 27%, 87% and 100% inhibition on
coleoptile elongation were observed at 204 hours in seeds
after 48, 72, 96 and 120 hours pre-incubation in slimy
secretion respectively. Fig 19B showed the coleoptile
elongation of seeds after preincubated in slimy secretion
( 3 mgml) at different periods before being transferred
to 10 M GA. No inhibitory effect' on coleoptile
elongation was observed in seeds pre-incubated in slimy
secretion for 24 hours. Seeds pre-incubated in slimy
secretion for 48-, 72, 96 and 120 hours before being
transferred to 10~10lA GA showed 5, 24, 90 and 100%
inhibition in coleoptile elongation, after 204 hours. Fig.
19C showed the coleoptile elongation of seeds which were
pre-incubated in slimy secretion (3mgml) for 24, 48, 72,
96 and 120 hours and then were transferred to 10~6M GA.
There was no inhibitory effect on coleoptile elongation
by slimy secretion observed in seeds after 24 and 48
hour pre-incubation. There was 4, 16, 26, 91
and 100 reduction in coleoptile elongation in seeds
after 24, 48, 72, 96 and 120 hour pre-incubation in slimy
secretion as compared with GA (10 M) treatment. The
inhibitory effect caused by slimy secretion was reversed
by GA (10 M) as compared with slimy secretion treatment.
Fig. 19D showed the coleoptile elongation of seeds after
pre-incubated in slimy secretion (3mgml) at different
periods before being transferred to 10~ M GA. No
inhibitory effect on coleoptile elongation was found in
seeds that were pre-incubated in slimy secretion for 24
hours. There was 24%, 40%, 91% and 100% reduction in
coleoptile elongation in seeds after 48, 72, 96 and 120
hours pre-incubation in slimy secretion before being
transferred to 10 M GA as compared with GA (10 M).
About 3% ,86% and 100% reduction in coleoptile elongation
in seeds after 72, 96 and 120 hours pre-incubation in
slimy secretion before being transferred to 10 M GA
as compared with water control.
The coleoptile elongations of rice seeds after pre-
incubation in 10 mgml slimy secretion for different
periods before transferred to different concentrations of
GA were shown in Fig. 20A, 20B, 20C and 20D. As shown in
Fig. 20 A, Slimy secretion at 10 mgml had complete
inhibition on coleoptile elongation. There was 47%,
61%, 91% and 100% inhibition on coleoptile
elongation were observed at 204 hours in seeds after 24,
48 ,72 and 96 hours pre-incubation in slimy
secretion respectively. Fig 20B showed the coleoptile
elongation of seeds after pre-incubated in slimy
Fig. 19 Effect of GA on coleoptile elongation of rice
seedlings after different peroids of pre-incubation in
slimy secretion( 3 mgml). Rice seeds after pre-
incubated in slimy secretion at different periods( 24,
48, 72, 96 and 120 hours) were transferred to water (A),
10 ~1°M GA (B), 10~6M GA (C) and 104M GA(D). Incubation
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secretion( 10 mgml) at different periods before being
transferred to 10. Seeds pre-incubated in slimy
secretion for 24, 48, 72 and 96 hours had 46%, 68%
92% an 100% inhibition in coleoptile elongation
after 204 hours as compared with GA (10 ?1) treatment
Fig. 20C showed the coleoptile elongation of seeds which
were pre-incubated in slimy secretion (lOmgml) for 24,
48, 72, 96 and 120 hours and then were transferred to 10 M
There was 40%, 64% and 78% reduction in
coleoptile elongation in seeds after 24, 48 and- 72
hours pre-i.ncubation in slimy secretion respctively as
compared with GA (10 M) treatment. However, a complete
inhibition of coleoptile elongation was observed in seeds
after 96 and 120 hours pre-incubation. The inhibitory
effect caused by pre-incubationin slimy secretion for 24,
48 and 72 hours were reversed by GA as compared with
slimy secretion treatment. Fig. 20D showed the coleoptile
elongation of seeds after preincubated in slimy secretion
(lOmgml) at different periods before being transferred
to 10 H GA. There were 44%, 59.1% and 79% reduction in
coleoptile elongation in seeds after 24, 48 and 72 hour
pre-incubation in slimy secretion respectively and then
before being transferred to 10~M GA as compared with GA
(10 M). A complete inhibition of coleoptile elongation
was observed in seeds after 96 and 120 hour pre¬
incubation in slimy secretion. The inhibitory effect
caused by pre-incubated in slimy secretion for 24, 48 and
72 hours were reversed by GA as compared with slimy
secretion treatment.
4) Effect of slimy secretion on the loss of chlorophyll
in rice leave segments
Fig. 21 shows the time course studies on the loss
of chlorophyll from rice leave segments. There was no
marked difference in the loss of chlorophyll in rice
leave segments incubated either in 0.1 mgml slimy
secretion or in water alone. However,there was a delay
in the loss of chlorophyll in rice- leave segments
incubated in 5 mgml slimy secretion as compared with
water control.
G. Effect of slimy secretion on the elongation of
BrassjLaa. hypocotyl and radicle
Fig. 22 A and 22 B show the effect of the
concentration of slimy secretion on the elongation of
hypocotyl and radicle of dark-grown Brassica
parachinensis seedlings.
In Fig 22 A, 13% inhibition of hypocotyl elongation
was observed at 0.1 mgml slimy secretion as compare
with the control. A rapid increase of inhibition( 88%)
was observed at 0.5 mgml. In Fig 22 B, 25% inhibition
of radicle elongation was found at 0.1 mgml slimy
Fig. 20 Effect of GA on coleoptile elongation of rice
seedlings after different peroids of pre-incubation in
slimy secretion( 10 mgml). Rice seeds after pre-
incubated in slimy secretion at different periods( 24,
48, 72, 96 and 120 hours) were transferred to water (A),
-10 -6 -4
10 M GA (B), 10 M GA (C) and 10 M GA (D). Incubation
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Fig. 21 Effect of slimy secretion on the loss of
chlorophyll in rice leave segments. Twenty five segments
were floated in 10 ml slimy secretion .Leave segments were
kept under 16 hours light cycle. The intensity was 2180
lux. Each treatment was in triplicate. Experiment was
repeated twice. Chlorophyll content at zero time was 0.198
at a 663
secretion. There was approximately 91% inhibition found
in the treatment of slimy secretion at concentration of
0.5 mgml.It appears that radicle elongation is more
sensitive to the inhibition as compare with hypocotyl
elongation.
To study the interaction, GA were applied with
various concentrations of slimy secretion.. As shown in
Fig. 23A, GA at concentration between 10~10m to 10~3 M
promoted hypocotyl elongation. It seems that GA can
reverse the inhibition caused by slimy secretion at
concentration less than 0.1 mgml. The magnitude• of the
reversal of inhibition with GA was reduced at higher
concentrations of slimy secretion. GA was less
effective in reversing the inhibition with slimy
secretion concentration of more than 0.1 mgml. As
shown in Fig. 23 B,. GA at concentrations from 10~10m to
10 M promoted radicle growth. The promotion showed a
concentration response. However the higher concentration
( 10 M) of GA showed a markedly effect on inhibition.
Treatment with 10 to 10 M GA could reverse
fully the inhibition caused by 0.01 mgml slimy
secretion. The magnitude of reversal of inhibition by GA
was lower at 0.1 mgml slimy secretion. As shown in
Fig. 23 B, GA cannot reverse the inhibition caused by
slimy secretion at concentrations above 0.5 mgml.
Fig. 24 A and 24 B showed that Kinetin at 10 M
and 10 M stimulated hypocotyl elongation and almost
Slimy Secretion Concentration (mgml)
Fig. 22 The effect of various concentrations of slimy
secretion on the elongation of Drassica hypocotyl (A) and
radicle (B). Seedlings in various concentrations of slimy
secretion were allowed to grow in the dark. Ten
hypocotyls and radicles were measured and recorded after
fourdays.Experimentwasinduplicate.Verticalbar
indicated S.E.
Slimy Secretion Concentration (mgml)
Fig 23 Interaction between slimy secretion and G7i on the
elongation of Brassica hypocotyl (A) and radicle (B).
Seedlings in test solution were allowed to grow in the
dark. Ten hypocotyls and radicles were measured and
recorded after 4 days. Experiment was in duplicate.
Vertical Bar indicated S.E.
68
and 10' M stimulated hypocotyl elongation and almost
no effect on radicle elongation. Kinetin at concentration
10-5 and 10-3 M inhibited the elongation of hypocotyl as
well as radicle Kinetin at 10-10 M and 10-7 M
concentration completely counteracted 0.01 mg/ml slimy
secretion effect on both hypocotyl and radicle
elongation. However, kinetin was less effective in
reversing the inhibition caused by,slimy secretion of
concentrations more than 0.1 mg/ml. Kinetin seems to be
able-to reverse the inhibition caused by slimy secretion
at concentration less than 0.1 mg/ml in hypocotyl and
0.01 in radicle.
H. Effect of slimy secretion on mung be.an
1) Effect of slimy secretion on the elongation of mung
bean hypocotyl segments
Fig. 25 shows the effect of the concentration of
slimy secetion on the elongation of mung bean hypocotyl
segment. More than 22% and 26% inhibition of hypocotyl
segment elongation were observed at 0.1 mg/ml and 1 mg/ml
slimy secretion as compare with water control. A rapid
increase in inhibition (70%) was observed at 5 mg/ml
slimy secretion.
To study the interaction, 5x10 -6M IAA was applied
Fig 24 Interaction between slimy secretion and kinetin
on the elongation of Brassica hypocotyl (A) and radicle
(B). Seedlings in test solution were allowed to grow in
the dark. len hypocotyls and radicles were measured and
recorded after 4 days. Experiment was in duplicate.
Vertical Bar indicated S.E.
S.S. Concentration (mgml)
Fig. 25 Effect of slimy secretion on the elongation of
mung bean hypocotyl segments.12 segments were incubated in
0.2 M sodium phosphate buffer (pH 6.2) slimy secretion
containing sucrose( 2%). Segments in slimy secretion
were allowed to incubate in the dark at 22±2''C for 48
hours. Vertical bar indicated S.E.
0.1, 1 and 5 mgml). As shown in Fig. 26, 5X10 M I.AA
can completely reverse the inhibition caused by- slimy
secretion a1 concentrations of less than 1 mgml.
2) Effect of slimy secretion on the respiration of mung
bean hypocotyl segment
Fig. 27 shows the effect of slimy secretion on the
respiration of mung bean hypocotyl segments. Hypocotyl
segments were incubated in media containing 5
concentrations of slimy secretion ranging from 0.001 to 7
mgml. Oxygen uptake was expressed as .Aal O2 10
minutes-12 segments. There was 22.3% reduction in 0
uptake in mung bean hypocotyl segments incubated in 0.001
mgml slimy secretion as compared to control. Higher
reduction in 0 2 uptake in the hypocotyl segments was
observed when higher slimy secretion concentration was
applied. At 7 mgml slimy secretion treatment, there
was about 50% reduction in 0 uptake as compared to
control.
I. Effect of slimy secretion and Kinetin on the growth of
tiQiiina minor
The growth of Lemna minor was expressed by the
increase in numbers of fronds. At the beginning of the
experiment, there were 50 fronds of Lemna in each
treatment. As shown in Fig. 28, the increase in the
number of fronds was not inhibited by slimy secretion at
Fig. 26 Interaction between slimy secretion and 5x10, M
IAA on the elongation of mung bean hypocotyl segments. 12
segments were incubated in phosphate (0.2M )buffered (pH
6.2) test solution containing sucrose (2%, m1).' Segments
in test solution were allowed to incubate in the dark at
22±2°C for 48 hours. Vertical bar indicated S.E..
Slimy Secretion Concentration (mgml)
Fig. 27 Effect of slimy secretion on the respiration of
mung bean hypocotyl segments. Each reaction flask
containing 7 ml phosphate (0.2M) buffered (pll 6.2) slimy
secretion. Experiment was carried out at 222 °C. Oxygen
uptake was measured at ten minutes interval for one hour.
Experiment was in duplicate. Vertical bar indicated S.E.
concentrations of less than 0.1 mgml. A rapid increase of
inhibition was observed at 0.5 mgml slimy secretion
No growth of Lemna was observed at 0.5 mgml slimy
secretion. As shown in Fig. 29, after 240 hours, the
number of fronds was increased to 134 in the control.
However, there was no increase in number of fronds in
treatment containing 0.5 mgml. slimy secretion. Kinetin
at 107 M stimulated the growth of Lemna and Kinetin at
10 M completely inhibited the growth of Lemna. Kinetin
10 M and slimy secretion 0.5 mgml also completely
inhibited the growth of Lemna. It appears that Kinetin
at 10 M cannot revert the inhibitory effect caused by
0.5 mgml slimy secretion.
The growth of Lemna was also expressed by the
increase in fresh weight of Lemna (Fig. 30}. The
initial fresh weight of Lemna was 0.104g. After 240
hours, the fresh weight of Lemna was increased to 0.232g
in the control. However, there was no increase in
fresh weight in treatment containing 0.5 mgml slimy
secretion. Kinetin at 10 M stimulated the growth of
Lemna and Kinetin at 10 M completely inhibited the
increase in fresh weight of Lemna. Kinetin 10 and
slimy secretion 0.5 mgml also showed no increase in
fresh weight of.Lemna. It appears.that Kinetin at 10 M
cannot revert the inhibitory effect caused by 0.5 mgml
slimy secretion.
Slimy Secretion Concentration (mgml)
Fig. 28 Effect of various concentrations of slimy
secretion on the frond multiplication of Lemna minor.
Twenty five two-frond colonies were placed in 18 ml test
solution for 240 hours. Lemna minor grew under 16 hours
light cycle. The intensity was 3800 lux. All treatment
were in triplicate. Experiment was repeated twice.
Vertical bar indicated S.E..
Fig. 29 The effect of interaction between slimy
secretion and kinetin on the frond multiplication of Lemna
minor. Twenty five two-frond colonies were placed in 18 ml
test solution for 240 hours. Lemna minor grew under 16
hours light cycle. The intensity was 3800 lux. All
treatment were in triplicate. Experiment was repeated
twice. Vertical bar, indicated S.E..
Fig.30 Effect of various concentrations of slimy
secretion on the increase in fresh weight of Lemna
minor. Twenty five two-frond colonies were placed in 18 ml
test solution for 240 hours. lemna minor grew under 16
hours light cycle. The intensity was 3800 lux. All
treatment were in triplicate. Experiment was repeated
twice. Vertical bar indicated S.E..
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DISCUSSIONS
Many paper have reported different functions of
growth inhibitors in the regulation of plant growth
(Hasegawa and Hashimoto, 1973 Doss et al.,1983). ABA and
decanoic acid are involved in iris bulb dormancy (Ando and
Tsukamoto, 1974 Doss et al.,1983 )and Doss et al.
demonstrated that ABA and decanoic acid inhibited the
floral development of Dutch iris. In Narcissus tazetta,
there was an acceleration in sprouting and flowering in
bulbs that had been slit and the slimy secr.etion from the
cuts had been frequently washed away (Fig.1). It seems
that there might be inhibitor(s) presence in.the slimy
secretion.
Ramazanova (1983) demonstrated that dormant
Narcissus pseudonarcissus bulbs contain inhibitors which
completely. suppressed the growth of wheat coleoptiles.
These bulbs after being washed with acidified diethyl
ether were then extracted with ethanol and the
extract were seperated by paper chromatography using
iso-propanol: NH4 OH :water 110:1:1 v/v/v) as
developing solvent. It was found that the inhibitory
subatance located at the region of Rf 0.48. In this
studies the presence of inhibitor in Narcissus tazetta
has been demonstrated in the slimy secretion This
inhibitor is tentatively called Narcin. It is ethyl
acetate-soluble and 70% ethanol-soluble (Table 1 and Fig.
2). By paper chromatography and using either
butanol:acetic acid:water (4:1:1.5v/v/v)or propanol:NH4OH
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(7:3,v/v/vT), this inhibitor were located in the region
of Rf 0.6-0.7 in both case (Fig. 4 and Fig. 5 A)
indicating that this inhibitor is relatively .polar
(Izumi et al.,1984 Dicks and Abdel-•kawi,1979). This
inhibitor is heat stable it has also been
demonstrated that both ethanol and water extracts of the
dry. scales of Narcissus bulbs contain inhibitor(s) as
shown in the Brassica seed test (Fig.3). The paper
chromatography results strongly suggests that the
inhibitor present in the dry scale is the same as in the
slimy secretion.
Phillips and Wareing (1959) reported that an ABA-
like substance was present in peach leaves and induced
dormancy process. Doss et al. (1983) demonstrated the
presence of ABA in the iris bulb. They suggested that
ABA is related to the control of dormancy in the bulb.
ABA is a common inhibitor present in various plant
organs. In this study, it has been demonstrated by
paper chromatography and Brassica seed germination test
that this inhibitor isolated from Narcissus tazetta is
not ABA, coumarin or coichicine (Fig.5). It is possibly
a new plant growth inhibitor.
Slimy secretion at concentrations above 0.1 mg/ml
inhibits the germination of rice seed (Fig.9).
Inhibition of Brassica seed germination was observed in
the treatment of 2.5 mg/ml slimy secretion (Fig.2).
Slimy secretion has inhibitory effect on the germination
of rice, a monocotyledoneous plant, and Brassica a
dicotyledoneous plant. Slimy secretion may be a general
seed germination inhibitor of both monocotyledoneous and
dicotyledoneous plants. The inhibitory effect on rice
seed germination can not be reversed by GA (between 10
to 104M), kinetin (10 7 or 10 5M) or by IAA( 10 to
10~~4 M) (Fig. 10, 11 and 12).
Schopfer and Plachy (1984) demonstrated that ABA
inhibited Brassica napus L. seed germination by
preventing the embryo from entering the growth phase of
germination. The inhibitory effect of a low abscisin II
concentration (0.25 ,ugml) can be reversed by higher GA
concentration (10 jagml)( Aspinall et aK, 1967).
More than 22% and 26% inhibition of the elongation
on mung bean hypocotyl segment were observed in treatments
of 0.1 mgml and 1 mgml slimy secretion respectively
(Fig. 25). As shown in Fig.26 these inhibition can
completely be reversed by 5x10 M IAA. The rapid increase
in inhibition (70%) caused by 5 mgml slimy secretion can
only be partially reversed by 5x10 M IAA.
Thirteen percent and 88% inhibition -of Brassica
hypocotyl elongation were observed in treatments containing
O.lmgml and 0.5 mgml slimy secretion respectively
(Fig.23A). GA( 10 M to 10 3 M) and Kinetin (10 10 M
or 10 M) could reverse the inhibition of hypocotyl
elongation caused by 0.1 mgml slimy secretion but had no
effect on the inhibition caused by 0.5 mgml slimy
secretion( Fig.23A).
No inhibition on the elongation of rice coleoptile
was observed at 0.1 mgml slimy secretion (Fig.l3A).
There was more than 77% inhibition at 1 mgml .slimy
secretion and a complete inhibition was observed at 5
mgm] slimy secretion. Kefford (1962) found that IAA
(3 x10-5 M) stimulated the growth of intact rice
seedlings. Izumi et al. (1984) demonstrated that S-3307
( (E)-1-( 4-chloropheny1)- 4 ,4-dimethy1-2-( L 2,4-triazol-
1-yl )-l-penten-3-ol, a new plant growth retardant) at
2.. 2x1 o7 M retarded the growth of rice plants by 50%. S-
3307 blocks the biosynthesis of GA. The retardation
caused by S-3307 was reversed by 8.7x10 5 M GA. In this
study, GA( from 10~1° to 103 M)and IAA (10 7 M and
10~5 M) can. 'partially reverse the inhibition of
coleoptile elongation caused by 1 mgml.slimy secretion
but had no effect on inhibition caused by 5 mgml slimy
secretion (Fig.ISA and 16A)
The different inhibitory ability on the elongation
of hypocotyl or coleoptile found in the various
concentrations of slimy secretion varied in the three
species of plants studied( mung bean, Brassica
parachinensis and rice). Slimy secretion (O.lmgml) had
no inhibition in the elongation of rice seed coleoptile
i(Fig.l3A )but had 22% and 13% inhibition in the
elongation of mung bean hypocotyl segments( Fig. 25 )and
Brassica hypocotyl(Fig. 24A). Slimy secretion (1 mgml)
severely inhibited Brassica hypocotyl elongation (94%)
(Fig.22A) and rice seed coleoptile elongation (77%)
(Fig.l3A) but only had slight effect on the elongation of
mung bean hypocotyl segment (26%) (Fig.25). It appears
that this inhibitory effect is species specific.
Plant hormones had different ability in reversing
the inhibitory effect caused by different concentration
of slimy secretion in mung bean, Brassica parachiniriese
and rice.. GA (from 10 M to 10 M) slightly reversed
the inhibition in elongation of rice seed coleoptile
caused by 1 mgml slimy secretion (Fig.l4A). However, GA
( from 10 to 10 M GA) could not reverse the inhibition
on the hypocotyl elongation of Brassica parachinensis
caused by the same concentration( lmgml) of slimy
secretion (Fig.23A). IAA( 5x10 M) can partially
reverse the inhibition in the elongation of mung bean
segments caused by 5 mgml slimy secretion (Fig. 26).
However IAA (10 M to 10 M IAA) had no effect on the
elongation of rice seed coleoptile at the same
concentration( 5 mgml) of slimy secretion (Fig. 15A).
Thirty four percent inhibition in the elongation of
rice radicle was observed at 0.01 mgml slimy secretion
but there was no inhibition on the elongation of
coleoptile in the same seedlings (Fig. 13A and B).
There was 25% inhibition of Brassica radicle
elongation caused by slimy secretion at 0.1 mgml
(Fig.22B). It seems that in rice, the radicle is more
sensitive to slimy secretion inhibition than the
coleoptile( Fig. 13); in Brassica, the radicle and the
hypocotyl were more or less, the same to the slimy
secretion inhibition (Fig. 22). This again indicates
that the degree of inhibition caused by slimy secretion
varies with different organ and species.
GA could reverse the inhibition caused by slimy
secretion at concentrations lower than 0.1 mgml in the
elongation of rice radicle (Fig.l4B )and Brassica radicle
(Fig.23B). Kinetin (10 7 M) could -reverse the
inhibitory effect caused by slimy secretion concentration
lower than 0.1 mgml in the elongation of Brassica
radicle (Fig.24B). However, it had no effect in the
case of rice radicle (Fig. 16B).
An attempt was made to find out the levels of
inhibition on rice coleoptile caused by diferent
concentrations of slimy secretion. No inhibitory effect
on coleoptile elongation was found in seeds that were
pre~incubated in 0.3 mgml slimy secretion for up to 72
hours (Fig. ISA), or in 3 mgml slimy secretion for 24
hours (Fig. 19A) before being transferred to water. More
than 30% inhibition and a complete inhibition on
coleoptile elongation were observed at 204 hours in seeds
after 120 hour pre-incubation in 0.3 and 3 mgml slimy
secretiion respectively (Fig.l8A and 19A). A complete
inhibition was found in seeds that were pre-incubated in
10 mgml slimy secretion for 96 hours (Fig. 20A). GA at
10 M could reverse the inhibition found in seeds pre-
incubated in 0.3 mgml slimy secretion up to 120 hours
(Fig.l8B). At 10 M, GA could reverse the inhibition
found in seeds pre-incubated in 3 mgml slimy secretion
for up to 72 hours (Fig.l9C). Higher GA concentration
_ 6- 4
(10 and 10 M) had only a little effect on seeds pre-
incubated in 10 mgml slimy secretion for up to 96 hours
(Fig. 20 C and 20 D)
The respiration of rnung bean hypocotyl segments
was very susceptible to the inhibition caused by slimy
secretion. There was 22.3% reduction in 02 uptake in
mung bean hypocotyl segments incubated in 0.001 mgml
slimy secretion (Fig.27).
Glyphosate, a kind of herbicide, has been reported
to uncouple oxidative phosphorylation in plant
(Olorunsogo et ad., 1979). Respiration activity in maize
roots was found to .be reduced by more than 70% at 6 hours
after the application of glyphosate (1.12 kgha)( Ali,
1978)
In this studies, the reduction in O2 uptake caused
by slimy secretion might be caused by the direct or
indirect inhibition on glycolysis, TCA cycle or the
electron transport system. The inhibition of
respiration might have led to the reduction in the growth
1 of mung bean hypocotyl.
There was no marked difference in the loss of
chlorophyll in rice leaf segments incubated in 0.1 mgml
slimy secretion or in water (Fig.21). However, there
was a delay in the loss of chlorophyll in 5 mgml slimy
secretion. This delay might be caused by
1) the break downinhibition of enzyme(s) responsible for
the degradation of chlorophyll, or
2) the inhibition of synthesis of enzyme(s) responsible
for the degradation of chlorophyll.
Tasseron-de Jong et a_l. (1968) demonstrated that
high concentration (10 M) of BA inhibited the growth
of Lemna. However at a lower concentration( 10 M) BA
caused an increase in frond numders as well as frond area
in Lemna. In this investigation, the growth of Lemna
mi.nor was expressed by the increase in frond numbers and
fresh weight. Kinetin at 10 7 M stimulated the increase in
frond number .of Lemna, and at 10 M completely
inhibited the increase in frond number of Lemna (Fig. 29)
ABA in the growth medium of Lemna minor lowered the
frond multiplication rate (McLaren and Smith, 1976;
Addicott and Lyon, 1969; Addicott, 1972). In this study
, slimy secretion had a similar effect as ABA in
inhibiting the growth of Lemna. There was no increase in
frond numbers and fresh weight in the 0.5 mgml slimy
secretion treatment( Fig. 28). In this study.,
Kinetin (10 7M) could not reverse the inhibitory effect
caused by 0.5 mgml slimy secretion (Fig. 29). When
10' M ABA and 10 M BA were added simultaneously to
the culture medium, the growth inhibition expected from
ABA was slightly reduced by the presence of BA (Albanell
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et al., 1985).
Plant growth retardants play important role in
agriculture and, horticulture( Steffens 1979
Nickell,1982) Growth retardants improve the quality of
ornamental pot plants such as Chrysanthemum and
Poinsettia by compacting plant size and promote flower
bud formation in Rhododendron and Camellia (Cathey, 1964
Cathey, 1975) Therefore, the development of new plant
growth retardants has great pratical values (Izumi et al,
1984) Slimy secretion seemed to be a new growth
inhibitor It had inhibitory effect on rice seed
germination, the elongation of Brassica and mung bean
hypocotyl, rice coleoptile as well as rice and Brassica
radicle, the loss of chlorophyll in rice leaves, the
growth of Lemna and the respiration of mung bean
hypocotyl The degree of inhibition caused by slimy
secretion may be both organ- and species- specific.
Further studies on the purification and
identification of slimy secretion and the other
physiological effect are well deserved.
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